Aneurysm of the sinus of Valsalva that causes dissection of the interventricular septum is an extremely rare entity. In this report we describe a case of aneurysm of the sinus of Valsalva dissecting into the interventricular septum, from the base to mid septum, after aortic valve replacement. After the diagnosis was made by transthoracic echocardiography and magnetic resonance imaging, the patient was successfully treated with surgical sealant-mediated occlusion of the aneurysmal sac and cardiac resynchronization therapy used for the first time. 
Introduction
Aneurysms of the sinus of Valsalva (ASVs) dissecting into the interventricular septum have been rarely reported. [1] [2] [3] [4] and those developing after aortic valve replacement (AVR) are even rarer, with only 3 cases reported in the Korean-and English-language literature to date. [5] [6] [7] In this article, we review and discuss an extremely rare case of dissecting aneurysm of the interventricular septum as a long-term complication of AVR, which was diagnosed by transthoracic echocardiography (TTE) and magnetic resonance imaging (MRI) and treated by occlusion of the aneurysmal sac using a surgical sealant and cardiac resynchronization therapy (CRT) used for the first time.
Case
A 50-year-old woman, who presented with severe dyspnea on exertion, had undergone AVR (23 mm St. Jude Medical ® mechanical heart valve) for severe aortic regurgitation and permanent epicardial pacemaker implantation (VVIR) for complete atrioventricular block, at our hospital 17 years ago. At the time of admission, a systolic murmur was heard at the apex (grade II) on auscultation, and pitting edema of both lower legs was apparent on physical examination. Electrocardiogram (ECG) showed complete left bundle branch block with a wide QRS interval of about 200 milliseconds (Fig. 1) ; and chest roentgenogram showed increased pulmonary vascular markings with cardiomegaly. TTE showed a well functioning prosthetic aortic valve; however, a huge dissecting cystic mass-like aneurysm in the interventricular septum (5× 3.5 cm) from the base to mid-septum was revealed (Fig. 2) and diastolic flow communicating from aortic root to interven-tricular aneurysm was seen on color Doppler echocardiography (Fig. 3) . Severe global left ventricular (LV) hypokinesis with LV dyssynchrony and LV enlargement and reduced LV systolic function with 18% ejection fraction and mild mitral regurgitation were also seen on color Doppler echocardiography. MRI demonstrated similar findings and revealed the opening of the peri-prosthetic leak into the interventricular septum with aneurysmal change (Fig. 4) . Compression or displacement of the left coronary artery by the interventricular septal aneurysm was not observed during preoperative coronary angiography. The patient was taken for surgery to correct the dissecting aneurysm of the interventricular septum for preventing potential complications. Surgical field showed that the aneurysmal opening, 5 mm in diameter, was located between the left coronary ostium and the mechanical aortic valve annulus (Fig. 5) . Although there was no paravalvular leakage around the mechanical aortic valve, direct closure of the aneurysmal opening with sutures was impossible because of severe calcification around the opening. Therefore, occlusion of the aneurysmal sac with surgical sealant, Beriplast ® (ZLB Behring AG, Marburg, Germany) and CoSeal ® (Baxter International Inc., Deerfield, IL, USA) with subsequent reinforcement with a prosthetic patch, Gore-Tex ® (W.L. Gore & Associates, Inc., Flagstaff, AZ, USA) was carried out. The patient underwent removal of the epicardial pacemaker due to pacemaker dysfunction and CRT was performed due to LV dysfunction with LV dyssynchrony. The postoperative course was uneventful and the patient was discharged after 18 days in a satisfactory condition. The 6-month follow-up echocardiographic study revealed that LV systolic function had improved from 18% to 41% of LV ejection fraction, and aneurysmal size had decreased from 5.0×3.5 cm to 3.2×1.8 cm (Fig. 6) , while on ECG QRS width was moderately decreased from 200 msec to 120 msec. Until now, no specific problems have been revealed on the subsequent follow-ups.
Discussion
ASVs are rare and account for 0.14% to 1.5% of the cardiac surgical load. [8] [9] [10] Congenital ASVs are more common than acquired ASVs.
6) Acquired ASVs are caused by conditions af- fecting the aortic wall, such as infections (bacterial endocarditis, syphilis, or tuberculosis); chest trauma; or degenerative diseases (atherosclerosis, connective tissue diseases, or cystic medical necrosis).
3)4) [11] [12] [13] [14] Complications of ASV include arrhythmia, atrioventricular block, obstruction of ventricular outflow tract, aortic insufficiency, congestive heart failure, and multidirectional rupture with embolic event, with the most common complication being atrioventricular conduction disturbance among the reported cases. 5)6)13)18)19) Dissection of the interventricular septum is a very rare complication of sinus of Valsalva aneurysm, in which case the interventricular septum is dissected and forms an aneurysm which bulges into both the left and right ventricles, causing obstruction of both ventricular outflow tracts.
4) It communicates with the aortic root, and may communicate with the ventricle.
7)
The etiology of this disease remains obscure. The ASV compresses the coronary arteries leading to ventricular septal ischemia. 15) Other potential causes include intraseptal rupture of ASV and/or hematoma formation.
2)13) In this case, the cause of aneurysm formation with dissection into the interventricular septum is presumed to be the postoperative shear stress due to turbulent flow against the weak tissue between the interventricular septum and the prosthetic aortic valve. In addition, direct pressure by the expanding aneurysm is considered responsible for atrioventricular dissociation and various types of bundle branch blocks. 6) Furthermore, evidence of hemorrhage and low-grade inflammatory changes in conduction tissues present near the aneurysm are possible causes of conduction disturbances. 16) In this case, complete atrioventricular block had preceded the detection of ASV dissect- 
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ing into the interventricular septum; and the development of the aneurysm was thought to have worsened the atrioventricular conduction disorder and systolic heart function. Recently, accurate definition of the anatomic lesion and precise diagnosis have been achieved by echocardiography, aortic root angiography and other imaging modalities. We not only used TTE but we also used MRI to identify the location and size of the interventricular aneurysm and opening of the fistula, degree of calcification around the aneurysmal wall, its relation to the ventricles, any abnormality of the aortic valve, and hemodynamic properties of the aortic valve or dissection cavity. If the aneurysm was to remain untreated, there was the potential danger of its expansion, rupture, infective endocarditis, and systemic embolization. Thus, surgical repair for all cases of ASV with intraseptal expansion is advisable.
2)
Surgical management strategies, which include plication of fistula opening, patch repair, and aortic root replacement, especially in the presence of aortic valvular disease, should be tailored to the needs of each patient. 4) Calcification of the aneurysmal wall may provoke unfavorable effects, including difficulty of direct suturing of the orifice and the late risk of dehiscence. 6) In such a situation, aneurysm resection may not only be time consuming but hazardous. Plication of the aneurysmal cavity with direct sutures and closure of the aneurysmal orifice with a patch is an effective and simple surgical technique.
6)17) However in this case with heavy calcification of the aneurysmal wall, we successfully occluded the fistula opening using surgical sealant and patch repair for correction of the interventricular aneurysm instead of direct suturing of the aneurysmal orifice. The patient was also treated with CRT because of the wide QRS interval and LV dysfunction which had not been seen before in these patients.
This report illustrates a very rare case of dissecting aneurysm of the interventricular septum as a long-term complication of AVR. We not only used TTE but we also used MRI technique which had seldom been used to diagnose this disease. Furthermore, unlike in similar cases, we did not perform direct suturing of the aneurysmal orifice but we performed occlusion of the fistula opening using surgical sealant, and we used CRT to improve the patient's heart function.
